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Abstract 

The  report  is  an  analysis  of  emissions  data  collected  under  Phase  I  of  Ontario's  Drive 
Clean  program,  a  mandatory  vehicle  inspection  and  maintenance  (l/M)  program,  from 
start  up  on  January  2,  1999  to  September  30,  1999.    This  nine  month  data  collection 
period  is  equivalent  to  half  of  the  fleet  inventory  in  the  Phase  I  program  area  (Greater 
Toronto  Area  and  Hamilton-Wentworth).    Nearly  84  per  cent  of  light-duty  vehicles 
inspected  received  a  pass  certificate  upon  first  inspection,  with  the  pass  rate  rising  to 
more  than  95  per  cent  for  vehicles  less  than  five  years  old.  The  repairs  undertaken  on 
vehicles  that  failed  their  first  inspection  resulted  in  significant  emissions  reductions  of 
HC,  CO  and  Nox,  well  beyond  the  cut  points  for  these  parameters.   In  Year  One,  Drive 
Clean  achieved  reductions  of  8.8%  HC,  8.8%  CO,  and  3.5  %  NOx  emissions  from 
vehicle  sources  in  the  program  area.  Annualized  over  a  complete  program  year,  the 
estimated  emission  reductions  are  1 1 .8  %  HC,  1 1 .7%  CO  and  4.7  %  Nox.   Removing 
the  $200  repair  cost  limit  after  Year  Two  will  result  in  additional  reductions  of  4.4  %  HC, 
2.9%  CO,  1.1%  NOx  in  the  program  area.     In  addition,  concurrent  improvements  in  fuel 
efficiency  reduced  the  release  of  carbon  dioxide,  a  greenhouse  gas,  by  an  estimated 
18,500  tonnes. 
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1.0    Purpose 

This  report  presents  an  analysis  of  vehicle  emissions  data  collected  under 
Ontario's  Drive  Clean  program  for  the  period  of  January  2,  1999  to  September  30, 
1999.  The  analysis  was  used  to: 

■  Assess  the  effectiveness  of  any  repairs  undertaken  to  better  comply  with 
the  province's  vehicular  air  emission  standards; 

■  Quantify  emissions  reductions  of  hydrocarbons  (HC),  carbon  monoxide 
(CO)  and  nitrogen  oxides  (NOx)  from  vehicles  in  the  Phase  I  program 
area  and  the  reduction  in  emissions  that  could  be  attributed  to  the  Drive 
Clean  program; 

■  Estimate  the  effect  of  the  emission  reductions  on  fuel  savings  and 
greenhouse  gas  reduction;  and 

■  Quantify  the  additional  reductions  that  will  be  realized  when  the  current 
repair  cost  limit  disappears. 


2.0    Background 

Emissions  from  on-road  vehicles  contribute  to  both  local  and  long-range 
environmental  problems:  primarily  smog,  and  to  a  lesser  extent  acid  rain  and  climate 
change.    Vehicular  emissions,  such  as  carbon  monoxide,  volatile  organics  and  fine 
particulates,  also  exacerbate  a  number  of  human  health  problems  and  contnbute  to 
elevated  morbidity  and  mortality  rates  in  affected  populations.  Ontario's  mandatory 
vehicle  inspection  and  maintenance  program,  known  as  Drive  Clean,  is  one  method  of 
reducing  vehicular  emissions. 

Federal  regulations  set  forth  emission  performance  standards  for  vehicles  at  the 
time  of  their  manufacture.   However,  a  vehicle's  emissions  may  increase  over  time  due 


to  engine  wear,  improper  or  irregular  maintenance,  and  tampering  with  or  failure  of 
emission  control  devices.  Operating  standards,  including  those  limiting  the  release  of 
air  contaminants,  fall  under  provincial  jurisdiction.    Drive  Clean  is  designed  to  identify 
those  vehicles  that  no  longer  operate  in  compliance  with  acceptable  emission 
standards  and  ensure  that  the  proper  corrective  action  is  taken. 

Regulation  628  under  Ontario's  Highway  Traffic  Act  requires  that  specified  light- 
duty  vehicles  (less  than  4,500  kg.:  mainly  passenger  cars,  sports  utility  vehicles,  vans 
and  light  trucks)  undergo  an  emissions  test  every  two  years.  Such  inspections, 
conducted  at  government-accredited  Drive  Clean  facilities,  are  a  condition  of  vehicle 
registration  for  all  light-duty  vehicles  more  than  three  years  old  and  less  than  20  years 
old.     In  addition,  an  emissions  inspection  is  required  upon  the  transfer  of  ownership, 
for  vehicles  0-19  years  old,  whenever  a  safety  certificate  is  required. 

The  Drive  Clean  requirements  are  set  forth  in  Ontario  Regulation  361  under  the 
Environmental  Protection  Act.    Emission  standards,  emission  test  methods  and 
additional  technical  information  are  described  in  greater  detail  in  the  Ontario  Ministry  of 
the  Environment's  Drive  Clean  Guide  and  the  manual  Standard  Operating  Procedures 
for  Ontario's  Drive  Clean  Facilities  as  Applied  to  Lig tit-duty  Vehicles  and  Non-Diesel 
Heavy  Duty  Vehicles  (version  1.30,  November  15,  1999). 

Federal  test  procedure  (FTP)  standards  for  new  vehicles  were  progressively 
tightened  to  reflect  the  improvements  in  emission  control  systems  introduced  over  the 
last  20  years.  A  ten  or  15-year-old  vehicle,  even  one  maintained  in  excellent  running 
condition,  cannot  match  the  pollution  control  efficiencies  of  today's  models.    Ontario's 
vehicle  emissions  standards,  based  on  the  FTP  standards,  have  been  amended  to 
accommodate  the  relative  capabilities  of  contemporary  control  systems  and  the  effects 
of  normal  engine  wear. 

The  Dnve  Clean  program  for  light-duty  vehicles  requires  a  visual  inspection  of 
the  emissions  control  system,  checks  of  on-board  diagnostic  information,  compliance 
with  emission  recalls,  and  either  a  dynamometer  test  or  a  two-speed  idle  test  to 
determine  emission  levels  of  hydrocarbons  (HC),  carbon  monoxide  (CO)  and  nitrogen 
oxides  (NOx).  In  addition,  the  emissions  from  diesel-powered  vehicles  are  subject  to  a 


visual  opacity  test.    Vehicles  that  do  not  meet  the  emission  levels  or  "cut  points" 
established  for  a  particular  model,  make  and  year,  must  be  repaired  and  re-tested  until 
they  pass  or  receive  a  conditional  pass. 

On  April  1,  1999,  having  a  Drive  Clean  pass  certificate  became  mandatory  for 
registration  renewal  and  ownership  transfer  of  light-duty  vehicles  in  the  Phase  I 
program  area:  the  Greater  Toronto  Area  and  the  Hamilton-Wentworth  Region.  The 
total  light-duty  vehicle  fleet  in  this  program  area  is  estimated  at  approximately  2.5 
million.   Because  the  test  requirement  is  biennial,  only  about  half  the  total  fleet,  plus 
about  another  20  %  to  account  for  re-sale  vehicles,  are  tested  in  a  12-month  penod. 
For  administrative  simplicity,  odd  model-year  vehicles  are  tested  in  an  even  calendar 
year;  even  model-year  vehicles  are  tested  in  an  odd  calendar  year. 

In  1999,  vehicles  which  are  1980,  1982,  on  up  to  1996  model  years,  were 
required  to  pass  a  Drive  Clean  test,  if  the  registration  renewal  date  was  on  or  after  April 
1,  1999.   In  other  words,  the  actual  testing  period  was  nine  months  in  1999,  which,  in 
turn,  limited  the  actual  size  of  the  fleet  tested  in  Year  One  of  Drive  Clean  to  at  most  75 
%  of  the  total  fleet  in  the  Phase  I  program  area.   In  2000  (Year  Two  of  the  program), 
100  %  of  the  total  fleet  will  be  tested. 

The  program  design  is  based  on  the  prediction  that  80  %  of  the  fleet  will  pass 
the  initial  Drive  Clean  test;  the  remaining  20  %  will  require  a  re-test. 

In  the  first  two  years  of  the  program  only,  vehicles  which  failed  the  initial  test  and 
require  emission-related  repairs  prior  to  a  re-test,  were  eligible  for  a  $200  repair  cost 
limit  (RCL).  This  feature,  common  to  many  vehicle  l/M  programs  in  North  America,  was 
designed  to  soften  the  financial  impact  of  repairs  on  low  income  vehicle  owners.    One 
implication  of  the  RCL  was  that  owners  of  such  vehicles  had  an  extended  two  years, 
until  the  next  test  date,  to  repair  the  above-limit  emission  levels. 

Phase  II  of  Drive  Clean  for  light-duty  vehicles  will  commence  January  1,  2001  in 
13  urban  areas  in  southern  Ontario.  Mandatory  Drive  Clean  testing  for  heavy  duty 
vehicles  went  into  effect  on  September  30,  1999. 


Vehicle  inspections  and  repairs  are  conducted  at  government-accredited 
automotive  repair  centres  by  trained  and  certified  inspectors  and  technicians. 

When  fully  implemented,  the  Drive  Clean  program  area  will  include  5.2  million 
light-duty  vehicles  and  200,000  heavy-duty  trucks. 


3.0    Methodology 

British  Columbia's  AirCare  has  been  operating  a  vehicle  inspection  and 
maintenance  program  in  the  Vancouver  area  since  1991.  AirCare  Administrative  Office 
was  retained  by  the  Ministry  of  Environment's  Drive  Clean  Office  to  evaluate  the 
emissions  and  vehicle  data  collected  from  the  date  of  its  program  start  up  on  January  2, 
1999  through  to  September  30,  1999:  a  total  of  nine  months.      But,  as  noted  above, 
because  vehicle  l/M  became  mandatory  on  April  1 ,  1999,  the  nine-month  data 
collection  period  is  actually  equivalent  to  half  of  the  total  eligible  fleet  being  subjected  to 
emissions  testing  in  a  full  program  year. 

The  emissions  and  vehicle  data  collected  at  Drive  Clean  facilities  is 
automatically  uploaded  to  a  central  computer  database,  known  as  the  Drive  Clean 
Vehicle  Emission  Transaction  System  (VETS).  The  VETS  information  may  be  analyzed 
for  purposes  of  quality  assurance  and  quality  control,  to  detect  any  evidence  of  fraud, 
and  in  order  to  assess  the  effectiveness  of  the  program.  The  data  is  also  accessed  by 
the  Ontario  Ministry  of  Transportation  and  used  by  vehicle  licensing  offices  to  process 
vehicle  registrations. 

Inspection  data  was  provided  to  the  contractor  on  compact  disk  as  a  Microsoft 
Access  97  database  file,  exported  as  a  flat  text  file,  and  formatted  in  a  way  suitable  for 
input  to  SAS.  All  basic  statistical  analyses  were  performed  using  SAS  v  6.2,  and  some 
further  manipulations  were  added  using  Microsoft  Excel  2000. 


4.0  Findings  &  Discussion 

4.1  Pass  and  fail  rates 

From  January  2,  1999  to  September  30,  1999,  some  789,894  Drive  Clean 
inspections  were  performed  on  631 ,038  individual  vehicles.  A  total  of  528.472 
vehicles,  or  83.7  %,  passed  the  inspection  at  their  first  attempt,  while  105,714  vehicles 
(16.3  %)  failed  their  first  emissions  testing.  Table  1  indicates  the  pass/fail  rate  by 
vehicle  model  year. 

Failure  rates  on  first  inspection  were  less  than  five  per  cent  for  vehicles  built 
within  the  last  five  years.  For  models  built  between  1986  and  1993.  failure  rates  for 
both  cars  and  trucks  jumped  significantly  to  approximately  ten  per  cent  of  cars  and  14% 
of  light-duty  trucks.    For  vehicles  built  prior  to  1 986.  the  failures  rates  remained  just 
over  50  %.    Similarly,  the  pass  rate  for  re-inspections  is  much  higher  for  newer 
vehicles. 

4.2  Reasons  for  failure 

An  emissions  inspection  measures  three  separate  parameters  (HC.  NOx  and 
CO)  and  most  failures  result  from  exceedances  of  more  than  one  of  the  parameter  cut 
points  for  the  particular  model  being  inspected.  Overall,  74.7  %  of  all  initial  failures 
resulted  from  failure  to  meet  an  HC  cut  point;  49.3  %  failure  to  meet  a  CO  cut  point; 
and  58.3  %  failure  to  meet  an  NOx  cut  point.  Table  2  indicates  modal  failure  rates  for 
each  of  the  three  parameters,  by  vehicle  type  (either  passenger  vehicle  or  truck)  and  by 
model  year  (from  1980  to  2000). 

Table  3  shows  the  median  emission  ratio  values  (emission  ration=emission 
reading/cut  point)  for  HC,  CO  and  NOx  emission  readings  to  cut  points.    Median 
emission  ratios  for  initial  inspections  are  0.20  for  CO  and  0.39  for  HC.   For  those 
vehicles  that  failed  their  initial  inspections,  the  range  is  from  0.94  to  1 .30,  which 
indicates  values  of  about  30  %  above  the  cut  point. 


After  repairs  were  undertaken  and  the  failing  vehicles  passed  a  re-inspection, 
the  median  emission  ratios  were  reduced  to  between  0.18  for  CO  and  0.51  for  HC, 
acceptable  but  still  somewhat  higher  than  those  vehicles  which  passed  at  the  first 
attempt. 

Vehicles  which  did  not  pass  a  re-inspection  and  received  a  conditional  pass 
(upon  reaching  the  $200  repair  cost  limit)  had  median  emission  ratios  of  between  0.99 
and  1 .41 .   It  is  possible  that  these  vehicles  were  initially  among  the  highest  emitters  in 
the  fleet;  and,  their  after-repair  readings  may  still  represent  a  substantial  reduction  from 
their  initial  failed  readings. 


4.3    Repair  effectiveness 

Two  different  measures  were  used  to  assess  the  change  in  emissions  as  a  result 
of  emission-related  repairs.    Measure  I  indictes  the  emission  reduction  achieved  by  the 
repairs.   It  compares  the  reading  obtained  after  repairs  against  the  failing  reading  that 
was  obtained  initially  [(initial  reading  -  final  reading)  /  initial  reading].   Measure  II 
determines  how  complete  the  repairs  were.   It  compares  the  final  emissions  to  a  cut 
point  [(cut  point  -  final  reading)  /  cut  point]  for  each  parameter. 

Note  that  these  measures  were  also  applied  to  vehicles  which  received  a 
conditional  pass  following  a  re-inspection  where  the  value  of  the  repairs  exceeded  the 
$200  cost  limit.   In  these  cases,  not  all  of  the  necessary  repairs  were  likely  completed 
by  the  vehicle  owner. 

The  two  measures  were  applied  to  the  three  emission  parameters  for  each 
vehicle  which  initially  failed  inspection,  repaired  and  then  went  through  a  subsequent 
inspection.  Both  measures  are  expressed  as  an  index  in  the  range  of  -1 .0  to  +1 .0. 
A  value  of  +1 .0  for  Measure  I  would  theoretically  indicate  total  elimination  of  the 
emission;  a  value  of  0.0  would  indicate  no  change.    A  value  of  0.0  for  Measure  II,  on 
the  other  hand,   indicates  the  post-repair  emission  achieved  the  cut  point.    A  positive 
value  shows  that  the  emission  reduction  exceeded  the  cut  point.  A  negative  rating  for 
either  measure  means  that  the  repair  (if  there  was  one)  actually  made  the  emission 


worse  than  what  it  was  before.    A  negative  rating  for  Measure  II  also  means  that  only  a 
conditional  pass  could  be  achieved. 

Using  Measure  I.  the  repairs  for  vehicles  which  passed  a  re-inspection  had 
median  values  of  0.51  for  HC,  0.75  for  CO,  and  0.53  for  NOx.     In  other  words,  HC  and 
NOx  emissions  have  been  reduced  to  about  one-half  their  initial  levels,  and  CO 
emissions  have  been  reduced  to  about  one-quarter  of  their  initial  level.    Vehicles  which 
received  a  conditional  pass  exhibited  a  marginal  positive  value  for  Measure  I.  This  is 
expected,  given  that  not  all  of  the  repairs  were  likely  completed. 

Using  Measure  II,  the  repairs  for  vehicles  which  passed  a  re-inspection  obtained 
a  median  value  of  0.82  for  CO,  0.45  for  HC  and  0.60  for  NOx.    Comparing  the  median 
values  of  the  two  measures,  we  find  that  the  repairs  not  only  resulted  in  actual 
reductions  for  each  of  the  emission  parameters,  these  reductions  were  below  the  cut 
points  by  substantial  amounts. 

In  contrast,  conditional  pass  vehicles  ($200  repair  limit)  showed  a  negative 
Measure  II  median  values  for  both  HC  and  NO,  indicating  emissions  continued  to 
exceed  the  cut  point,  and  a  very  slightly  positive  value  for  CO.    Most  vehicles  that 
obtained  a  conditional  pass  failed  to  meet  the  HC  cut  point. 


4.4    Calculating  mass  emissions 

An  assessment  of  emission  reductions  must  be  based  on  mass  emission  factors. 
However,  Drive  Clean  does  not  at  present  operate  a  mass  emission  testing  facility.  Use 
of  a  constant  volume  sampler  (CVS),  which  takes  samples  on  a  constant  volume  basis 
allowing  one  to  calculate  mass  from  concentration.    This  permits  application  of  a 
common  performance  standard  to  all  vehicles,  regardless  of  engine  size  or  weight. 

Data  from  B.C.  AirCare's  mass  emission  testing  facility  was  used  to  calculate 
mass  emission  factors  for  vehicles  that  passed  inspection  on  the  first  attempt,  vehicles 
that  failed  the  first  inspection  and  those  vehicles  in  their  final  repaired  state.  The  initial 


inspection  data  for  each  vehicle  in  the  CVS  sample  was  categorized  by  vehicle  type, 
model  year  and  initial  failure  mode,  and  the  AirCare  readings  were  compared  to  the 
appropriate  Drive  Clean  cut  points  to  determine  whether  they  would  have  passed  an 
inspection  in  Ontario. 

Finally,  the  quality  of  any  subsequent  repairs  were  placed  into  one  of  two 
categories:  for  the  sake  of  simplicity,  either  "good"  or  "bad".  The  AirCare  final 
inspection  readings  were  expressed  as  ratio  values  (by  dividing  each  by  the  Drive 
Clean  cut  points)  and  compared  to  the  Drive  Clean  "good"  ratio  values.  If  the  average 
of  the  three  emission  readings  was  close  to  the  cut  point,  the  repairs  were  classified  as 
"bad". 

After  averaging,  some  interpolation,  and  adjustments  to  accommodate  some 
unlikely  combinations  with  very  small  sample  sizes,  the  mass  emission  factors  are  as 
shown  in  Table  4.   It  should  be  noted  that  the  mass  emission  factors  are  based  on  the 
results  of  the  Hot505  testing  regime  which  measures  the  emissions  from  driving  under 
Phase  3  of  the  Federal  Test  Procedure. 


4.5    Estimating  emissions  reductions 

In  calculating  the  emissions  reductions  by  Ontario's  Drive  Clean  program,  each 
vehicle  in  the  fleet  is  allocated  both  a  pre-  and  a  post-inspection  and  maintenance  (l/M) 
emission  factor.    The  emission  reduction  is  simply  the  difference  between  the  total 
pre-l/M  and  total  post-l/M  emissions. 

For  each  model  year  and  vehicle  type,  a  count  was  conducted  of  the  number  of 
vehicles  that  passed,  the  number  that  failed  in  each  of  the  possible  failure  modes  (i.e., 
which  of  the  emission  cut  points  they  were  unable  to  meet),  and  the  number  that 
passed  on  re-inspection,  were  granted  a  conditional  pass,  or  had  not  returned  for  a  re- 
inspection.    It  was  assumed  that  all  failed  vehicles  will  eventually  receive  either  a  pass 
certificate  or  a  conditional  pass  certificate.  Where  repairs  were  made,  the  number  of 
"good"  versus  "bad"  repairs  was  computated. 


In  order  to  calculate  the  annual  emissions  reductions,  counts  were  multiplied  by 
factors  derived  from  comparing  the  estimated  fleet  size  with  the  actual  numbers  of 
vehicles  tested.  For  example,  the  fleet  size  of  even-year  models  between  1980  and 
1996  was  estimated  as  twice  the  number  of  vehicles  inspected  (in  the  first  half-year  of 
operation).    For  odd-year  models,  a  factor  of  five  was  used  (because  only  20  %  of 
vehicles  from  those  years  were  inspected).  Similarly,  the  numbers  of  pre-1980  and 
post-1996  vehicles  were  estimated. 

To  assess  total  pre-l/M  emissions  each  vehicle  which  was  not  inspected  in  the 
first  half-year  had  to  be  allocated  as  either  passing  or  failing  in  one  of  the  possible 
failure  modes.  This  was  done  in  proportion  to  the  numbers  from  the  same  model  year 
and  vehicle  type  which  were  actually  inspected. 

It  was  also  necessary  to  address  those  vehicles  which  had  failed  an  inspection 
but  have  not  yet  returned  to  be  re-inspected.  At  this  early  stage  of  the  program,  it  is 
impossible  to  know  how  many  of  these  vehicles  may  have  been  retired,  so  it  has  been 
assumed  that  they  will  all  eventually  achieve  either  a  pass  or  a  waiver.  They  have  been 
categorized  as  either  "good"  or  "bad"  repairs,  in  accordance  with  the  trend  for  their 
model  years  and  vehicle  types. 

Initial  (pre-l/M)  annual  emissions  were  calculated  by  multiplying  the  number  of 
vehicles  in  the  fleet  by  the  initial  condition  grams/km  and  by  the  annual  average 
distance  for  the  model  year.  A  similar  calculation  is  performed  for  final  (post-l/M) 
annual  emissions.    This  calculation  is  more  complex  because  it  is  the  sum  of  vehicles 
which  do  not  change,  those  that  achieve  a  "good"  repair,  and  those  that  achieve  a 
"bad"  repair. 

Based  on  this  analysis  (Table  5),  the  calculated  emissions  reductions  achieved 
during  the  data  collection  period  (January  2,  1999  to  September  30,  1999)  was  5.9  % 
HC,  5.9  %  CO,  and  2.3  %  NOx.  Again,  these  calculations  represent  emissions 
reductions  from  half  of  the  eligible  fleet.     Direct  extrapolation  for  Year  One  (January  2, 
1999  to  December  31,  1999)  results  in  estimated  emissions  reductions  of  8.8  %  HC, 
8.8  %  CO  and  3.5  %  NOx.  Note  that  in  Year  One  the  program  was  in  effect  for  nine 


months  (75  %  fleet).  Extrapolated  to  a  complete  program  year  (12  months,  100  %  of 
eligible  fleet),  the  estimated  reductions  are  1 1 .8  %  HC,  1 1.8  %  CO,  and  4.6  %  NOx. 

The  impact  of  removing  the  repair  cost  limit,  as  anticipated  for  December  31 , 
2000  in  the  Phase  I  program  area,  was  also  assessed.  Table  6  shows  that  if  all 
repairs  are  "good",  it  is  expected  that  add/f/ona/ emission  reductions  of  4.4  %  HC,  2.9 
%  CO,  and  1.1  %  NOx  are  achievable  during  a  complete  program  year  in  the  Phase  I 
program  area. 


4.6    Impact  on  fuel  consumption 

The  B.C.  AirCare  program  has  developed  a  methodology  for  determining  how 
fuel  consumption  can  be  affected  by  the  repairs  intended  to  correct  an  emissions 
problem  (see  AirCare  Program  Review  and  Evaluation  of  Benefits,  Years  One  to  Five, 
Insurance  Corporation  British  Columbia,  December  1998).  Although  it  is  normal  to 
expect  such  repairs  to  improve  fuel  consumption,  in  some  cases  a  "good"  repair  can 
actually  result  in  increased  fuel  consumption. 

AirCare's  tentative  conclusion  was  that  the  average  fuel  consumption 
improvement  for  all  repaired  vehicles  could  be  estimated  at  2.26  %.  For  the  first  year  of 
Drive  Clean,  the  number  of  failed  (and  assumed  to  be  repaired)  vehicles  has  been 
calculated  as  214,550.  The  average  annual  travel  distance  for  this  group  is  15,300  km. 
If  average  fuel  consumption  is  estimated  at  10  litres/100  km,  the  annual  fuel  savings 
would  be  7.42  million  litres.  This  equates  to  a  reduction  in  carbon  dioxide  emissions  of 
approximately  18,500  tonnes. 


5.0    Conclusions 

The  analysis  of  the  nine  months  of  data  collection  (equivalent  to  about  half  the 
eligible  fleet)  under  Ontario's  Drive  Clean  indicates  that  the  mandatory  inspection  and 
maintenance  program  has  achieved  significant  reductions  in  the  emissions  of 
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contaminants  that  contribute  to  photochemical  smog  and  other  environmental 
problems. 

Nearly  84  %  of  light-duty  vehicles  inspected  received  a  pass  certificate  upon  first 
inspection,  with  the  pass  rate  hsing  to  more  than  95  %  for  vehicles  less  than  five  years 
old.  The  repairs  not  only  resulted  in  actual  reductions  for  each  of  the  emission 
parameters,  these  reductions  were  substantially  below  the  cut  points. 

The  repairs  undertaken  on  vehicles  that  failed  their  first  inspection  resulted  in 
significant  emission  reductions.   In  Year  One  of  Drive  Clean,  it  is  estimated  that 
reductions  of  8.8  %  HC,  8.8  %  CO,  and  3.5  %  NOx  were  achieved  from  1999  base 
levels  from  vehicle  sources  in  the  Phase  I  program  area.    Annualized  over  a  full  year, 
the  program  will  achieve  an  estimated  reductions  of  11 .8  %  HC,   1 1 .7  %  CO,  and  4.7  % 
NOx.  The  phase-out  of  the  repair  cost  limit  after  December  2000  in  the  Phase  I 
program  area  can  expect  additional  annual  reductions  in  HC  by  4.4  %,  CO  by  2.9  % 
and  NOx  by  1.1  %.   In  addition,  concurrent  improvements  in  fuel  efficiency  reduced  the 
release  of  carbon  dioxide,  a  greenhouse  gas,  by  an  estimated  18,500  tonnes. 
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Table  3 


Measures  of  repair  effectiveness 


Median  Emission  Ratio  (emission 

reading/cutpoint) 

HC 

CO 

NO 

all  initial  inspections 

0.39 

020 

0.24 

first  failure 

1.30 

0.94 

1.09 

final  pass 

0.51 

0.18 

0.40 

final  conditional  pass 

1.41 

0.99 

1.06 

Median  reductions 

as 

MEASURE  1 

proportion  of  initial 
readings 

HC 

CO 

NO 

final  pass 

0.51 

0.75 

0.53 

final  conditional  pass 

0.01 
Median 

0.03 

0.04 

MEASURE  2 

"closeness-to-zero" 
final  readings 

of 

HC 

CO 

NO 

final  pass 

0.49 

0.82 

060 

final  conditional  pass 

-0.41 

0.01 

-0.06 

Notes  for  Table  4 

1 .  The  table  does  not  show  every  model  year  separately  but,  for  reasons  of  size, 
groups  model  years  into  pre  -1980,  1980,1987,  1988,1993,  and  1994  and  later; 
these  age  groups  reflect  the  potential  emissions  performance  of  the  vehicles, 
and  are  the  age  groups  used  to  derive  the  mass  emission  factors  from  CVS  data. 

2.  In  the  sixth  column,  the  "number  in  fleet  v»/ith  initial  condition"  consists  of  vehicles 
which  will  actually  be  tested  in  this  first  year  of  the  program,  as  well  as  those 
which  are  in  the  fleet  but  will  not  be  inspected. 

3.  The  "number  not  changing"  comprises  only  those  vehicles  which  were  not 
inspected  and  will  therefore  not  change  in  any  way  as  a  result  of  the  program;  ail 
of  the  passed-first-time  vehicles  from  column  six  are  also  taken  as  not  changing. 

4.  The  columns  for  "number  achieving  a  final  bad  result"  and  "number  achieving  a 
final  good  result"  include  only  those  vehicles  which  have  been,  or  will  be, 
inspected  in  the  first  year  of  the  program;  these  are  the  only  vehicles  which  will 
deliver  an  emissions  reduction  benefit. 

5.  1  Mg  equals  1  tonne 

6.  These  tonnages  are  Hot505  tonnages  and  represent  the  emissions  which  would 
be  produced  if  all  the  vehicles  always  drove  in  a  manner  which  reflected  the  third 
phase  of  the  FTP  (i.e.,  highway  driving);  it  was  assumed  that  the  percentage 
reductions  calculated  from  Hot505  emission  factors  can  be  applied  to  the  overall 
inventory  which  was  derived  from  the  MOBILE  model. 


s2S:R2R 


E  JS~R'5'5 


?:«'"«!!' 


^SS'-TR 


SSSSISs 


?2Bg"'I 


S3 


^|iS  i - ^ 


!!!3SSS^K$ 


■§''2 
Sii 


g^SSSRS 


;55r?S; 5 


R^  JSS!^!^)!: 


Ill 


KRRSCRK 


sssssss 


SSSSSIS 


sx£  j£S£xp: 


ss::S££ 


XS::SS= 


££££££:; 


111! 
Ill, 


ixi2s 


ssiss^i 


121  — ? 


m'^i] 


SSisSiie 


SSE J  =  S  S 


i?s5SiR 


||SgSSS5 


iiiiiiii 


Table  5 


Summary  of  annual  emission  reductions  from 
existing  program,  and  all  good  repairs 


Light-Duty  Vehicles  Emissions 
Reductions 

%HC 

%C0 

%N0 

For  Full  Program  Year 

11.8 

11.7 

4.7 

For  Full  Program  Year  if  ail 
repairs  are  completed 

16.2 

14.7 

5.7 
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